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DEVICES AND METHODS FOR VAGUS NERVE STIMULATION 

TCChni " ,Fit 'L p ,e S en, inven.ion -C3.es .o ap— - 
..ecUieallyinduced and ph.rm.ceu.ic.Hy pro.onged cardiac Tta 
presen. mv.mion is usefu. for coming heart bea.s and escape fi« 
Ing cardiac surgery. The present invenuoo is panrcuUr y 
coronary by-pass surgery when aoas.oma.ic formation « read.ly d,srup.ed by 
beating heart. 



„ Bscagroundor.be invention 

Cardiopulmonary bypass (CPB) ana cnci 

S du^ABO unarded by cardiopulmonary bypass or cardioplegrc artesu 
procedures iv.ru> with off -pump coronary 

„ Coronary artery bypass graf. far.ure rato reported .m P P 

r •> R Qoit while traditional CAB<j on l-ro im» i~ 

grafting range from 3.8 - 8.9%. wni.c difference in 

anastomotic failure fare of less than 1%. Th.s may re.wc 
nastomoric precision between off-pump CABO and CPB-..de, ^ABG 
Allh0 u gh rbc benefrts of avord.ng e>,ra-corpo.cal ^ ^ 

}0 cardioplegia in bea.ing heart procedures are importan,. .hey do no. ou.we,gh 
performance of optimal coronary anastomoses. 

The key difference in the anas.omouc resul.s be.ween 
. „ nop rnPCAB> is related lo achieving 
convemional CABG and off-pump CABC (OPCAB) 

elective asystole during cons.ruc.ion of .he distal anastomoses. 
JS can be minimized dunng OPCAB procedures by inducrng P>— <f 
bradycardia by adminisrenng be,, adrenerg.c receptor blockers and m«bamca. 
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operative conditions they only appco.io.au: .he advantages of elecme asystole 
that can be achieved with CPB and cardioplegia. 

A suie of Controlled Intermittent Asystole (CIA) would prov.de 

W, intervals of cardiac quiescence ,. facilitate P'"^"^ 
a„as,omat,c structures w h „e avoidmg the necessity of a -*op« 
and cardioplegia. OA would mus provide .he surgeon wtd . an - 
advantage otherwise gained only hy full ^ J^se 

technique improve, Ore precsion of coronary — ^£ £ incitasing 
be performed on a heating hear, and ma, ^ ^ „ by 

case of operation, as described in appl.ct.on WO9909973. .nc rpo 
reference herein in its entirety. ha,i M ii 
1„ particular. CIA can be achieved us.ng un.la.eral (or b. a.eral 
vaeus nerve stimulation coupled with pharmacological poten.ia.ioo of vagal 
vagus nerve >u. -w-iromcchanical escape activity, 

i imoulses and pharmacological suppress.on of electromccnan 

TaTpreviou.y been demonstrated in WO 98.1660. incorpor..ed here.n h 
rereTin its entirety, that elective Contm.led In-ermiuen, Asysto.e ,s poss b-e 
"s nerve stimulat.on after .reatmen. with an -y,ho,m™ -b,o 
a 'be.T-adrenergic receptor blocker, and a «*«- — ^ 
l0 comb.nauons thereof. What is required, however, .s an .ntegrared ^y «» - 
apparatus tha, W.„ prov.de opdma, electrical P~ ~ ^ 

cardiac arrest. The intermittent card.ae qureseent penods will be 
oration to allow prcc.se performance of surg.ca, procedures^., „ o. 
adversely interrupted by escape beats breaking through asystole What are a so 
„ ^ are e.eclumuiation devices that wi.I permi. the I*-*—- 

3 ma, position of an electrode or series of decodes relative*, vagus - 
,o induce asystole Wha, is further required are means and methods for applymg 
to induce asysiorc. „i;_ M iv and to admin ster a 

.he elecric pulse to the nerve, cither directly or uxbrecdy ana to 
the elccinc pu.se in n ue nce of vagal stimulat.on on 

pharmaceutical composition to potenuate the mfluence o g 
,„ L heart rate, and pro.ong .he period of asys.o.e. thereby mcreas.ng 

„ke„hood that the surgical procedure *J^«~?£- and mclh ods 

The prescn. invention introduces apparatus, uc 
that will allow the CIA techmque to be performed with ease and pree.s.on. 
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Any discussion of documents, acts, materials, devices, articles or the like 
which has been included in the present specification is solely for the purpose of 
providing a context for the present invention. It is not to be taker, as an admission that 
any or all of these matters form part of the prior art base or were common general 
knowledge in the field relevant to the present invention as it existed before the priority 
date of each claim of this application. 
Summary of the Invention 

In a first aspect, the present invention provides a catheter device for delivering 
an electric pulse to a nerve, comprising a distal region and a proximal region, said 
distal region having a plurality of electrically independent expandable electrodes and 
an electrode expanding means, said proximal region having an electrical connecting 
means for applying an electric pulse to the expandable electrodes. 

In a second aspect, the present invention provides an endotracheal rube 
electrode device comprising an endotracheal rube having an inflatable means of 
expanding an electrode, and a plurality of electrically independent electrodes thereon 
so that each electrode contacts the tracheal wall when the means of expanding an 
electrode is inflated, and wherein the electrodes have means for connection to an 

electrical pulsing means. 

In a third aspect, the present invention provides an endotracheal tube electrode 
device comprising an endotracheal tube having a plurality of electrically independent 
electrodes thereon, so that each electrode contacts the tracheal wall when expanded, 
and wherein the electrodes have means for connection to an electrical pulsing means. 

In a fourth aspect, the present invention provides an nasogastric tube electrode 
device comprising a nasogastric tube having a plurality of electrically independent 
expandable electrode thereon, so that each electrode contacts a pharyngeal, 
esophageal, or gastric inner surface when the electrodes are expanded, and wherein 
the electrodes have means for connection to an electrical pulsing means. 

Jn a fifth aspect, the present invention provides a nasogastric tube electrode 
comprising a nasogastric tube having an inflatable means of expanding a plurality of 
electrically independent expandable electrodes attached to an inflatable collar so that 
when the collar is inflated, the electrodes contact an inner surface of an esophagus, 
and a means of supplying an electric pulse to the electrodes. 

Throughout this specification the word "comprise", or variations such as 
-comprises" or -comprising", will be understood to imply the inclusion of a slated 
element, integer or step, or group of elements, integers or steps, but not the exclusion 
of any other element, integer or step, or group of elements, integers or steps. 
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The present invention solves the problems described above by 
providing a convenient apparatus for the application of an electrical pulse to the 
vagus nerve so as to arrest the heart beat in preparation for diagnostic or 

5 therapeutic medical or surgical procedures such as cardiac surgery. The 
apparatus directs an electrical pulse of optimized intensity and duration at a 
selected position along the nerve, and thereby induces cardiac quiescence. 
Spontaneous escape from asystole is prevented pharmacologically. The present 
invention, therefore, provides the apparatus and methods for the cardiac surgeon 

10 to induce a stale of Controlled Intermittent Asystole (CIA), thereby greatJy 
easing bypass surgery, significantly improving surgical quality and patient 
outcome. 

The apparatus of the present invention allows the determination of 
the optimum location for an electrode to apply an electric stimulus to the vagus 

15 nerve. The apparatus correlates the response of the heart to the electrical pulse 
and modifies the stimulus to achieve suppression of the heart beat and then 
administers an optimized electric pulse to the vagus nerve. Both for safety and to 
deliberately terminate asystole once the surgical procedure in the heart is 
completed, the apparatus includes a cardiac pacer to stimulate the heart to escape 

20 asystole when this is desired. 

The apparatus includes a mulli -channel output means with at least 
one electrode linked to an electric pulse generator, and which will direct the 
electric pulse to the vagus nerve with efficiency and with minimal damage to the 
neural tissue. The electrodes are adjustable as to where they may be placed 

25 relative to the vagus nerve and offer various degrees of invasiveness. The 
electrodes of the present invention offer adaptability to the needs of the surgeon, 
variations in patient anatomy or physiology and the requirements of the cardiac 
surgical procedures being emploved. 

Accordingly, a preferred aim of the present invention is to provide an 
30 apparatus that will permit the surgeon to apply a selected electric pulse stimulus to the 
vagus nerve so that asystole will be induced. 

It is a further preferred aim of the present invention to provide an apparatus 
that optimizes the electrical stimulus to the vagus nerve. 

It is yet a further preferred aim of the present inventing to provide electrodes 
35 for the direct or indirect application of an electrical stimulus to the j 
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vagus nerve thai minimize!' damage to tissue while allowing the surgeon to 
determine the optima) location for the electrode. 

Yet another preferred aim of the present invention is to provide methods 

for the administering of an electrical stimulus to the vagus nerve ana a 
5 pharmaceutical composition that will result in Controlled Ioterjnittent Asystole. 

An advantage of the present invention is that it offers the surgeon 

an apparatus that integrates the means to electrically stimulate the vagus nerve 

with the means to determine whether the heart beat is suppressed and will 

automatically determine the optimum stimulation to the nerve. 
10 AnolheT advantage of the present invention is the induction of a 

readily regulated and reliable state of asystole, greatly easing cardiac surgical 

procedures and comfort to the patient 

These and other features and advantages of the invention 

and preferred embodiments of the present invention will become apparent from 
15 the detailed description that follows. 

Brief Description of the Drawings 

Figure 1 is a schematic arrangement of the vagus nerve stimulator. All of 
20 the components of the stimulator are shown as separate entities although it is 
envisaged that the interrogator, logic circuitry, the puke generator, the cardiac 
monitor and the cardiac pacer could be incorporated and integrated electrically 
and electronically as a single unit m any combination. 

Figure 2A shows a longitudinal section through an embodiment of the 
25 catheter wire or basket electrode device. Figure 2B shows a transverse section 
through the catheter device at the plane A- A' of Figure 2A 

Figure 3 shows embodiments of catheter wire or basket electrode devices. 
Figure 3A shows a wire electrode. Figure 3B shows a wire electrode with 
arcuate ribs. Figure 3C shows a wire or basket electrode wilh circuraferentially 
30 arranged electrodes disposed on longitudinal non-conductive ribs. Figure 3D 
shows a helical wire electrode. Figure 3E shows a wire electrode wherein the 
expansion means is shape memory. 

Figure 4 shows embodiments of the inflatable balloon electrode device. 
Figure 4A shows a balloon electrode with longitudinal electrodes. Figure 4B 
35 shows a balloon electrode with circumferentially arranged electrodes. Figure 4C 
shows a balloon electrode with a helical electrode. Figure 4D shows a balloon 

4 
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electrode with a longitudinal electrode disposed on a longitudinal raised ridge. 
Figure 4E shows a transverse section through the embodiment of Figure 4D at the 
plane B-B\ Figure 4F shows a balloon electrode with longitudinal electrodes not 
fixed to the surface of the balloon and united by a wire yoke. 
5 Figures 5A and B show longitudinal sections through a catheter umbrella 

electrode device. 

Figures 6A-D show embodiments of the clip electrode device. 

Figure 7A shows a wire mesh neural electrode. Figure 7B shows cufT 
oeuxal electrode conforming to the shape of the nerve. Figure 7C shows a 
10 transverse section through the cuff electrode at plane C-C\ Figure 7D shows a 
cuflf neural electrode with two separate electrodes. 

Figure 8A shows a pad embodiment of cutaneous electrode array. Figure 
8B shows a pad electrode with traversing hole to surround the neck. Figure 8C 
shows an electrode with traversing bote to surround the neck. Figure 8D shows a 
1 s cutaneous electrode in a necklace configuration. Figure 8E shows a cutaneous 
electrode in a turtlencck configuration. 

Figure 9 A shows a tube balloon electrode device for insertion into the 
trachea or esophagus. Figure 9B shows a tube umbrella electrode device. Figure 
9C shows an alternate electrode device of the present invention. 

20 

Detailed Description and Preferred Embodiments 

The present invention provides devices and methods for achieving 

25 Controlled Intermittent Asystole by means of vagus nerve stimulation. While the 
purpose of the devices is fo* achieving Controlled Intermittent Asystole status by 
means of vagus nerve stimulation, the devices are not limited thereto, and it will 
be recognized that various embodiments of the invention can be used to facilitate 
other medical or surgical procedures. 

30 The present invention provides apparatus for the regulated 

electrostimulation of the vagus nerve to induce a state of asystole. The 
embodiments of the vagal nerve stimulator apparatus also include electrodes, 
catheters and electrode catheters suitable for applying a selected electrical pulse 
to the vagus nerve for the purpose of controlling cardiac rhythm. The apparatus 

35 include a pulse generator, a cardiac pacer and a cardiac monitoring means. The 
apparatus further comprises interrogative electronic circuitry and computer 

5 
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readable software intended that will aV.ow ihe apparatus to determine the optima! 
position of an electrode for the delivery of an effective amount of neural 
clcctrostimulauon to arrest the beating heart. The apparatus of the present 
invention also includes a cardiac simulator and control circulatory and switches 

to revive the heart. 

The present invention also provides methods for the induction of 
Controlled Intermittent Asystole (CIA) by means of the co-administration of an 
effective amount of a pharmaceutical composition comprising an 
acetylcholinesterase inhibitor, a beta-adrenergic blocker and a calcium channel 
blocker and the electrostimulatory impulse that will arrest cardiac activity. 
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Definition; 

The term "electrode" is used herein to mean any conductor used to 
establish electrical contact with an area of a human. Said area may be. but is not 
limited to. the surface of the skin, the interior surface of a blood vessel, the 
gastroentological tract, the respiratory tract, or any other mternal or external 

surface of the anatomy. 

The term "cardiac monitoring means" is used herein to mean any 
device that will measure the frequency or amplitude of the output of the heart. 
The output parameters include, but are not limited to. the electrical output of the 
heart, the pulse strength or its frequency, or systol.c or diastolic blood pressure 
The -cardiac monitoring means'* can be. but is not limited to, an 
electrocardiograph, a sphyngomctcr. a pulse detector or any nihcr mechamcal. 
electric or electronic device known to one of skill in the art that will delect 
25 cardiac activity and translate said activity measurement to an electrical signal. 

The term "cardiac pacer" is used herein to mean any device that 
will induce the heart to beat in a regular or intermittent manner. 

The term "electric pulse" is used herein, but is not hmited to, a 
unipolar or bipolar pulse, wherein the unipolar pulse is between a single electrode 
implanted in. or situated on. a patient, and an electrode electrically connected to 
the ground and wherein the bipolar pulse is between at least a pair of electrodes 
in or on the patient, with no electrode being directly grounded. 

The terms "electric pulse generator" and "pulse generator- are 
used herein to mean any device or devices that will deliver an electric pulse of 
35 preselected frequency and amplitude. The device will include electronic circuitry 



30 



-9- 



01/00173 



PCTAJSO0/I722I 



electrically linked to vanabte switch means to regulate output voltage, frequency 
and amplitude of the current supplied. 

The term "means of supplymg an electric pulse** is used herein to 
mean, but is not limited to an electrically conductive wire, strip or other means 
5 known to one of skill in the art. that is electrically connected at one end to a 
source of electricity and at the other end to the site of delivery of the electricity, 
such as, but not limited to. an electrode. 

The terms "interrogator", 'interrogative device" or "interrogative 
circuitry'* axe used herein to mean any computer or electronic circuitry or device, 
10 including computer readable software, that wilt receive the signal for a cardiac 
monitoring means and adjust the electric pulse delivered by the pulse generator 
until the cardiac activity is temporarily, substantially or completely eliminated. 
The "interrogator" will also include circuitry to sequentially assign an output 
pulse from the pulse generator lo at least one electrode of a plurality of 
t5 electrodes. The interrogator also includes a logic circuit wherein it may integrate 
the cardiac monitoring means output, the pulse generator and the selected 
electrode. The pacer also, but not necessarily is electrically linked to the 
interrogator. The interrogator may be microprocessor based and include software 
to compare the signal from a cardiac monitoring means and regulate the output of 
20 the pulse generator and the cardiac pacer. 

The term "catheter" is used herein to mean any rube device thai 
can be introduced into the body of a patient or animal through an orifice or 
incision thereof. The device includes, but is not limited to. an intravascular 
catheter, a tracheal catheter or tube, a nasogastric or esophageal tube or catheter 
25 or any other tube device that may be introduced into a human or animal. 

The term "manual switch" or "manually operable switch" is used 
herein to mean any switch device operable by foot, hand, voice, or any other 
means available to the surgeon during the course of surgery and that will override 
or supplement on automatic switch means such as but not limited to that provides 
30 by the interrogator unit. 

Pharmaceutical Compositions 

The terms "pharmaceutical Controlled Intermittent Asystole 
composition" or "CIA composition" are used herein to include, but are not 
35 limited to. pharmaceutical compositions capable of prolonging a state of cardiac 
asystole. The pharmaceutical compositions comprise an acetylcholinesterase 

7 
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inhibitor selected from, but not limited to, doncpezil hydrochloride, tacrine 
hydrochloride, pyridostigmine bromide, neostigmine methyl sulfate, edrophonium 
chloride, physostigrome salicylate, a 0-adrenegic. receptor inhibitor selected 
from, but not limited to. sotalol hydrochloride, timolol maleate, esmoto! 
5 hydrochloride, cancolol hydrochloride, propranolol hydrochloride, beiaxolol 
hydrochloride, pcobutolol sulfate, metoprolol laitrate. accbutolol hydrochloride, 
atenolol, metoprolol succinate, bisoprolol fumaratc. and a calcium channel 
blocker selected from, but not limited to. nifedipine, verapamil hydrochloride, 
nicardipine hydrochloride, diltiazem hydrochloride, isradipinc. nimodipinc. 
10 amlodipine besylatc. fclodipine. nifedipine, nisoldipine. and bepridil 
hydrochloride. In a preferred embodiment, the composilion comprises an 
acetylcholinesterase inhibitor, a beta-adrenergic receptor inhibitor and a calcium 
channel blocker. In a more preferred embodiment of the present invention the 
composition comprises between about 0.1 mg/kg body weight to about 100 
15 mg/kg body weight of pyridostigmine. 0.01 mg/kg body weight to about 100 
mg/kg body weight of propanolol hydrochloride and between 0.00 1 mg/kg body 
weight and 1.0 mg/kg body weight of verapamil hydrochloride. Most preferably 
the pharmaceutical composilion comprises 500 p.g/kg body weight of 
pyridostigmine, 80 pg/kg body weight of propanolol hydrochloride and 50 ug/kg 
20 body weight of verapamil hydrochloride. 

The preferred method of administering the CIA composition to 
achieve CIA is as a slow bolus delivered intravenously over a 1-10 minute 
period. The CIA composition is given to establish a pharmacological 
background state in which subsequent vagus nerve electrostimulation causes 
25 CIA. The CIA composition may be maintained at effective blood concentrations 
in a human patient by slow continuous or intermittent infusion. Repeated bolus 
administration may be necessary in some patients. The effects of ihe CI A 
composition may be reversed chemically if necessary by intravenous 
administration of a drug chosen from, bm not limited to. atropine sulfate, 
30 isoproterenol hydrochloride, and epinephrine hydrochloride. 

Abbreviations 

The following abbreviations are used in this description. CIA 
designates Controlled Intermittent Asystole. CABG designates Coronary Artery 
3$ Bypass Grafting. CPB designates Cardiopulmonary Bypass. OPCAB designates 
Off Pump Coronary Artery Bypass Grafung. or coronary grafting without the use 
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of cardiopulmonary bypass, synonymous with bculing heart bypass surgery. 
MIDCAB designates Minimally Invasive Direct Coronary Artery Bypass 
Crafting, an off-pump grafting procedure, typically performed through a left 
thoracotomy. E-CABG designates Endoscopic Coronary Artery Bypass 
5 Grafting, i.e. CABG performed using endoscopic instruments inserted through 
small intercostal incisions, and in the absence of a sternotomy or formal 
thoracotomy. All embodiments of the invention may be used with pump-assisled 
or entirely off -pump procedures. 

Controlled intermittent asystole can be achieved by potentiation of 
10 vagal induced bradycardia by means of a pharmacological combination. The 
chronotropic effect of vagal nerve stimulation in the absence of pharmacological 
potentiation includes a very brief initial pause followed by "vagal escape" beats 
and transient bradycardia. Vagus nerve stimulation alone does not produce 
controlled asystole. On the other hand, increased acetylcholine activity resulting 
15 from acetylcholinesterase inhibition, the prevention of electromechanical escape 
from asystole by beta-adrenergic receptor and calcium channel blockade, and the 
application of simultaneous vagal stimulation produces a marked potentiation of 
vagal-induced asystole, and a means of achieving Controlled Intermittent 
Asystole (CIA). CIA can. therefore, be reproducibly achieved for prolonged 
20 periods, or for multiple shorter sequential intervals selected as appropriate for the 
construction of coronary anastomoses, or other medical or surgical purposes. 

It has unexpectedly been found that stimulation of the right vagus 
nerve combined with administration of the preferred pharmacological 
composition results in prolonged asystole. While electrical stimulation of the 
25 right vagus nerve is preferred, electrostimulation may also be effectively applied 
to the left vagus nerve or to both nerves simultaneously or sequentially. The site 
of nerve stimulation can be, but not necessarily, in the neck. 

The preferred indirect method and site of stimulation of the vagus 
nerve is by means of a percutaneous catheter or electrode probe implanted in the 
30 internal jugular vein, trachea, esophagus, or a combination thereof. Other 
preferred locations for vagus nerve stimulation include, but are not limited to, of 
the right or left vagus nerve or both. The nerve may be stimulated by unipolar 
excitation, wherein the ground electrode is located at the skin surface, or by 
direct or indirect bipolar excitation. An internal jugular vein stimulating electrode 
35 device can be introduced through the sternotomy via the right atrium, the right 
atrial appendage, the inferior vena cava or the superior vena cava. It can be 
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associated with a flow-through cannula, lor «he purpose of admin-suatms flu,d S 
„ drugs. A stimulating e.corode may abo be placed in direct comae. wHh the 
vagus nerve by thoracoscopy, thoracotomy or «emo«omy and dunng the course 
of open-chest thoracic surgery. The present invention contemplates the use of 
> any of the preseo.ly described devices with the methods for achievmg controlled 
intermittent asystole, including the use of pharmaceutical eomposmons for 

achieving the same. . 

The present invention contemplates implantable catheters having a 
plurality of electrodes. An elec.nc pulse can be sen. to a single electrode or to a. 

0 leas, two electrodes randomly or non-randomly selected, either manually or 
electrically, by an in.erroga.o, device. The interrogator device w.ll measure 
cardiac output and de.erm.ne cardiac activity as a function of the electrode or 
electrodes used. A plurality of electrodes on .n intravascular catheter w.ll allow 
the surgeon to determine which etecuode or electrodes stimulate (he vagus nerve 

1 $ to achieve maximum suppression of cardiac acti vily. 

While the optimal number of wires can vary dependmg upon the 
circumstances, four, eight or twelve wires per basket provide symme.ry. Each 
„ire is an independem electrode, electrically exposed only on its outer semce at 
the point where it makes contact wi.h the wall of the internal jugular ve.n. 
trachea, or esophagus. The electrodes may be self-e.panding or retrac.able as a 

group when the device is deployed. 

The vagus nerve can be stimulated in a unipolar or b.polar 
fashion. An array of electrodes in the form of a basket, balloon o, umbrella 
device can be used to stimulate .he vagus nerve between a chosen electrode nb 
J5 and a separate ground, or between two chosen electrode ribs on the same dev.ee. 
This applies the basket, balloon or umbrella devices, whether wi.h smps of fo.l. 
wires or umbrella tip electrodes, and regardless of whether the strip or w,re 
electrodes are oriented longitudinally, transversely or spirally. For umpolar 
excitation, the ground can be an adhesive pad fixed to the patient's skin. e.thcr 
30 overlaying the vagus nerve or placed elsewhere. 

Tfie vagus nerve may be most effectively and easily simulated 
with a single basket or balloon or s.eerable wire device in the internal jugular 
vein esophagus or trachea. Alternately, a bipolar elecric field may be used 
thai is preferably, but not limited to. between elecoodes on individual devces m 
,5 separate ana.omical struc.ures. for example, a balloon, baske. or umbrella 
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ca,he,« ^ be in 0. »*» vein, while cta«* is on , 

balloon, basket or umbrella in .he uachea or in Ae esophagus. 

Emtorachea. and endocaophageal balloons, umbrellas or b.ske. 
Erodes can be fined on standard endouachea, or oasogasuu M»bes »d 
^sog^UK nates. In ft. balloon deviee. electrical., con*K,.ve ^ «H* 
cJ£ LgitudioaUy. cneumfercnually. or hc.-ca.ly. relative ,o *e U>ng, -d,n 
„ is of ,he ana.om.ea. ,ca.ure in whieh me elecuode dev.ee ,s .mp.an.cd. In 
"L longitudinal o, eireom.eren.-a. embodiment electrically aenvc smps ea„ 
Z eonunuous or intended. .» .be ease of -n.errup.ed a.rips. each segmen. of 
i lhe strip can be an independent elecuode. 

Any two independen. erodes can bo used in. b.po.ar fash.or. 
Each independen. decode .s an opt-on recogniacd by a logic and con.ro 
^Lare Z mul.-cbanne, eon.no, bo, device, .n Ore case of ea.ne.ers beanng 
Loon, baskc, or umbrella e,ec,rodes. .wo Cecums on ca.be.en .nrtsunc 
;s ana.omic, strucurcs can be indued or deployed adjacent .. each othe. Tfi.s 
arrangement w.l. gen.ly place .be vagus nerve between ™ ^-ode s.nps. and 
captunngme vagus nerve w.m Ute sma.les.possib.eeffec.ive 

The opt.mum elecme f.eld ma, be between rw„ elec.nc.Uy 
independen. suips of a single c.the.er device in a s.ng.e 
J0 as. ^ no. ..tm.ed .„. .be interna! jugular ve.n. «ve,y. and depend ngon 
,„d,vidua, patient variabi.i.y. it may be .hat optima, pacing -s ,ch.eved between 
snips on .wo different ca.be.er dev.ee. each in a different -~~>~ 
Such paired locaiions for .he elecrodes would include, bu. -s no. l.nu.ed .o. U,e 
• u ll P r vc.n and esophagus. jugular vein and u-acnea or .he esophagus and 
25 rlea In each of these embodimen.s. me ca.he.er devces are preferably 
^noned by me surgeon following ultrasound ^dancc. dtrec. palpano^. 
Lsuremcnts o. ca.he.er .nsertiun leng.h. or any comb,*. UC. *«* 
Fluoroscopy and echocardiography are alternate .eohnolog.cs .ha. can be 

applied w confirm positioning- ■ . lv 

^ A. leas, one electrode can be applied dirccdy .o a st.rg.eal.y 

e.posed vagus nerve. Tboroscopy. .bo,aco.omy. or s.emo.omy can access .he 
ne^vc i.se.f The presen. inven.ion provides elec.rode device, that may be 
It, auacbed 1 vagus nerve w,h gmatly reduced mechanical damage o 
the neural t.ssue. Th,s represents , significant advantage since repos^omng of 
35 the elecuode and .herefore repeated cUmp.ng .o .he nerve may be necessary 
determine the optimum location forelecuical induc.ion of asystole. 
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cIip hearts ma, «-« , one <«^»^Z » electrode — 
partially envelopes £-~T* «- m.J ^ ^ ^ ^ ^ ^ ^ 
or the a, leas, one electrode thai ne g otherwise shaped to 

strode, are compnscd of materia, .ha. ,s compress,b.c 
.void indenUng or crushing *ene«-u,«ue^ ^ 

An entire,, cutaneou , «. y an<J ^ 

^ used to create an elecmc f«.d d-r ^ J 
lhe vagus nerve. Such an array ean cons,s of bows no. h ^ 
, p,, with from , to ahou, .00 e.ectnca.ly ^ , ^ , 

lsol atcd from the others and e.^ conr^o a m ^ ^ 

or h „h. A si„g.e setcctcd electrode ,o . » - 
s,imu«a,ion. Alternatively, they may be employed m P 

e.cctrode comhina,,ons. or in comb.nat.on wrth * *~ f<>r bjpo „ r 

, positioned in the interna, jugular ve.n. trachea or esop 

stimulation. in ven,.o„ imroduce an e.ec,rode to a 

vagos _ jksu - =- -—ess 

cardiac quiescence. The electrode dev.ee may tesponse . 

, a more advantageous '«»^ ^lL of ^ — e may transm.t an 
Al.ema.ivCy. one o, more of the electrodes ^ ^ 

Cecric pu>se to the nerve. The apparatus of ^ 

m e,hod of the present .nvent.on w,l. furthe P 
J5 pharmaceutical composition that suppress ^ 

This will relieve the surgeon of ^"^^L*" ^ " *° 

^ ~ f..il heat while in the midst of a surgical proccu 
bra chycar*a or full beat wh, ^ a coronary artery, 

suturing of an anaslornos,s between a bypas g ^ ^ 

The present invention is further allusuaiea J 

. «4 in anv wav as imposing limitation upon 

30 examples, which are no, to be construed n an w* y - • £ ^ may 

me scope thereof. On the contrary. ,s »^ - ^ 

bc had to various o.her embomment, ^^"^^ .„ .Hose 
which. after reading me description ^"^^n, .nvenhon. 
skilled in the art without departing from the sptnt of the presc 
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cha n„e. interrogator dcvtce ™ ^2.--— ' 

togi c aod control software to ^"^^ el « wwit device receives 
Ibe vagus nerve "blindly" aod autom connec ,ed ,o a 
— inp* from . - £ - — ^ wraple the ^ 
pa«n. by » conoeOon <™" s ". to . particuU, e.ecnrfc 

cardiac response resulting from an ckc»* _pu« W c pair „ 

30 m electrode pa, 3, an- £ J^— ■ Asys^ Thus. 
« are «he mos, effective ,„ product* ■ „ f physica ., y 

dtc surgeon and anes.hesiolog.st can be reUevcd of ^ 
^ the vagu, nerve as ^ as ^ |0 Really 

Tbe mul..-channel ,n.erTO.,»to,o ofe|ecW) a«asa 

function oflhe cardiac output response. Anno g" ^ 

5 hoW eve,. is conceded ^ |— ^ apparatus „so be ab.e to 
combinations. .. » .mporun, .hat thts ^ wU1 , therefore, have a 

setecuve.y f-'ion f^^^Z „., vagus nerve shmubttiot, 
o,splay. a plurahty of nwnenc keys and iod epcndemry access *e 

switch, aod a vagus nerve desomuUfon sw,^ ^ J(> ^ 

20 vaho^ erodes e.ectnca..y connected «o a Pauat.su 

strode comb.nat.oo 31 can be mamta.ly *lec*d comprises a p».se 
Tbe apparatus -^J^ .imuUtor units. Such 

6 eoera.or 40 such as. but no, hunted to GPASS sounx, such 

!„ e,ectrosrtmu»a.or includes, but » no, Urmud o ^ desnmuiabon 

» „ a banery and regulator, a £ <~* of timer circuits 

timer circuit, and , power amphfierOO. Tb« ^ „ ^ ^ 

and power amp.if.ers can be chosen from an *»™ § ^ ^ of 

nnipolar or bipolar outputs 41 11* P-te 8 r cm ^ varied 

30 impulse to be controlled by a M ^e between about 

Cher tnauually or automatically A »» to * ^ Mem the range from about 
, Hz and about 500 Hz. Preferred pu,se amp ^ ^ ^ ^ 

0.1 vol. to about 100 volts, with amperage of from abo 

invention further comprises a cardiac 
Tbe apparatus ofthc present a p8c e,-,o-patier,, 

pacer device 60 fo, pacrog the heart ou, of asystole 
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ns 61 in a preferred embodiment the cardiac pace, 60 is 
The vagal nerve stimulator output can be slaved to 
stimulator output is on . me so do « not 

^^^ZZZZZL P.ov.aes 3 s ign ,r,c3M safety 

electrostimulation. This feeoxac* m 

feature when CIA is used climcally. invention, a foot 

lo another preferred embodiment ot the prcs 

hand-opcratcd switches. The p~vK.cn of ^ ^ destimulari on 

occur while leawog -he hands free pe ^ ^ ^ 

permits the surgeon's hands to «- ~*. ~ ^ „ ^ 

x switches is avoided. The foot pedal assembly 50 .s conne 

20 swiiv." within the housing. 

— ,o - eit r: rr^gCr — «-*• * f °°' 

hear, may he stimu.ated :U - - — 

25 preoe.conb.ed time .0 perm., blood flow tog ^ ^ (0 

— t - zlt. pX - **- - 

continue st.tcb.ng. An al.emat. e P . in terminen. switches 

assembUes 50 would be to prov.de a ^g-e foot ^h „ a also 
between stimu.at.oo and desumui.t.on pa «r d cv.ce 
30 contemplated tha. automat.c snmulatmn by means of 

of Ote invention, a vo,ce-ac.,vated 
1„ yet anotne. rtMmmiMy available voicc-.ccognmon 

switch ean be used that mcorpora.es n£fVC stiimllalor on 

software into a vcba. control mechamsm , £ « such Out wbenevc. 
JS and off. This switch can a.so funcnon m ■ ^ „ is 

the vagus nerve stimulator .s turned on, output from 

)4 
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„ « While these hardware devices are modification, of presendy 
turned off. wftiic sin&lc unit for 

,.,«,« *•» » °«- m -• 

jugular vein to stimulate the vagus nerv , inUBV ascular 

TKi» Heetrode means can be added 10 any u « 
J^ Ur vt,D - ^ ''^"r, . ^ „ ioclud) n e . tat no. Umhed «o. the 
ca.he.er device known «o one of sk.ll » *e « -net g 

Swan Ganz ca.he.er. .he Up of wh,ch would ardm »» ^ 

one or move m.ravenous P° rt < 5 > "V ^ lo ^ ele «rode means 
appro p ri a.c in.ravenous access hubs T* , 
can be provided via an external muU^anne. ^ a|low 

Tbc mtr avenous e,.he,e,s «. * ^ neive , h5teby 
, prec.se positioning of an decode means clo* .0 *e . ^ ^ 

minimizing .he e.ecuical energy needed to capn« of 
Conned In— Asysto, ^^^7^ .he card.ac 
the vagus nerve by deierrmmng the feedback sign 

on., ^^-^rr: , ^ 

" an „dar caLcr de.ee for deliuenng an ^ ^ 

cadre.ee device comprises a shaft .00 havrng a ^^^J^ » d 

i ?n the dislal region 1 10 having an expandable electro* mean 
region 120. the distal regr The shaft 100 may include a means of 

a „ elecuode expanding means 300. The shaft 10 y ^ 
30 supplymg an electric, pulse ,30 .o *e expand- , ^ 
rocans of supplying an e.ec.rica. pulse 130 are . ^"'^ jlso ^ , 
chanoel coor.ec.or means .3,. The e.eCnca, ^ shaft 100 

„, av further compose a handle «•• »»* ,02. which can be 

„ intravascular catheter can be msened drought ^ 
sutured to a pa.icnfs sk.n near .he srte of .nscmon. There can 
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shcath «0 .void bleeding, and «he catheter can be ro.a.able w.thm .he 
tra „scutaneous sheath 102. While no. wishing .0 limi. .be invem.on .he 
preferable means of supplying an e.ec.rica. pu.se 130 » an electrode 200 .s a 



wire 



Ahhough i. is con.empla.ed .ha. .he dimens.ons of .he e.pandable 
electrode means 200 will be se.ec.ed as a ft.nc.ion of .be blood vessc. 
anatomical sm.cn.re receiving 0k ca.he.er. »d where .he ca.he.er ,s mserted m» 
,hc recipien. human or animal, i. preferred embodiment of the c.ectrode. *e 
len «h of me electrode will be between about 1 cm and 15 cm. mos. preferably 
„ be-weco abou. 2 cm and 6 cm. The diame.e, of .he shall is preferably berween 
about 0.5 and 5 mm, mos. preferably 1 mm. 

The preferred length of .be iouavascular ca.be.cr .5 dependent 
upon .he pom. of .nsertion of me cameter into a human or animal When *e 
catheter is inserted in me neck, .he Icngm of.be shaft 100 is between about 15 
„ cm and 30 cm, preferably between abou. ,5 cm and 25 cm. For s»bc.av»n 
insertion of a ca.he.er. the preferred .ength of me shaft 100 is between about 20 
cm and 40 cm. mos. preferably between about 25 cm and 35 cm. For femora, 
inscrtionof the Cheer, the preferred length of the shaft 100 is bctw«n 'bout 50 
cm ^ abou. .20 cm. mos. preferably between abou. 80 cm and abou. 100 cm. 
J0 For atrial .nsertion. wherein the catheter electrode dev.ee is advanced from *e 
eardiac atrium into the superior vena cava or interna, jugular vem. 0.e preferred 
■ength is between abou. 5 cm and about 25 cm. mos. preferably berwecn about 10 
cm and 15 cm. 

0) Corner Wire or flnrte, Eiecrodt. The expanding decode means 
2S 200 shown in Figure 2A is selected from a vmc,y of pancrus and shapes Ota, 
resemble, but are no. necessanly ,imi,ed .0. .he ribs or staves of a barrel as 
shown in Figures 3A-3D. The electrode means are e.ectnca.ly mdependen. of 

each o<bcr. ^ erobo dimem of Ac expandable electrode means 200 

,0 and the electrode expanding mens 300 i, shown in Figure 3A. wherem the 
electrode means 200 is a basket catheter electrode with at least one expandable 
rib 201 in a preferred embod.ment, me expandable rib 20. or plurab.y of such 
ribs are clerically conducive wires. Tbin wires are preferred with . *.ckness 
of between abou. 1/128 inch and 1/8 inch, most preferably 
3S and 1/16 inch. In another preferred cmbod.ment. the expandable nbs 20 arc 
electrically conductive strips from abou. 1/128 inch to abou. 1/4 inch w.de. mos. 
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preferably from abou, 1/64 inch .o IM inch. In ye. another preferred 
embody, .he expandable ribs 20. are elecnicaHy non<onduc.ive smp* w. h 
electrodes dispersed .hereon. In a mos. preferred embodimen,. .he elecsncally 
conducive wire o, snip is comprised of a proximal region 202. a cemral regton 
s 20 3 and a d.stal region 204. wherein Ore proximal region 201 and the central 
region 203 form a firs, angle and me centra. reg,on 203 and me disul reg.on 204 
form a second angle. Preferably me firs, and second angle, are berween abou. 1 
and abou. 180'. Mos. preferably, Ac firs, and second angles are between abou. 
90° and abou. 120°. 

10 Preferably, the ribs 201 are berween 1 and abou. 48 m number, 

m ore preferably between 2 a™! abou. .2 in number. In a preferred embodiment 
the length of .he expanded electrode 200 is be«ween abou, 1 and abou, 15 « 
More preferably, me lengd, is between aboo, 2 and abou, 6 cm ned«~ o 
the catheter before expansion is the diameter of me carbeter shaft 200 and ,s 0.5 
15 mm to abou, 5 mm, most preferably I mm 

In one embodimen. of Ore present invc«,ion. ,he cemral reg.on 203 
is electrically exposed, and the proximal region 202 and d.so.1 region 204 are 
electrically insulated, lo this embodiment, me length of eteenca^y exposed 
cemral region 203 is between 0.. cm and abou. .0 cm. most preferably berween 
» O 5 and abou. 5 cm. The means of applying an e.ecttical pulse 130 arc 
preferably, but no, limited to. wires elecrtca.ly conneCed to me expandable nbs 
201 The wires 130 are etectrically independent of one anoUrcr. and pass drrough 
the shaft .00. The wires .30 and arc electrically connected to a multichannel 
electric, connection 13.. as shown in F.gure 2A. The electrode cxpand.ng 
„ means of me preferred embodimen, is a rod 300 capable of shdmg wuhm a 
.omen .50 of the shaft .00. The rod 300 has a distal end 30.. The expandable 
ribs20lareatucbedtothedistalend301oflherod300. 

U. another embodimen, of the present inven,.on, shown .n F.gure 
JB ,he expandable ribs 201 are arcua,e when expanded. In a preferred 
30 embodimen,. ,he length of an electrically exposed centra, regmn 203 of .he 
expanded arcuat. electrode is between about 0.1 em a*, about 2.5 cm. More 
preferably, the range is berween 0.5 cm and 2.0 cm. 

The present invention is intended to include other forms of the 
expandable electrode soch as. bu, no. limi.ed ,o. elecrodes 206 circumferenn.l.y 
J5 disposed coaxiaUy around me rod 300. shown in Figure 3C. a helix as shown m 
Figure 3D In the circumferential decode embodimen, shown » F.gure 3C, 
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■M 20S soppo* dcc.ricdly exposed decodes 206 
nonconduC.ve nbs 2«S sopp eltcUode 206 is deem-By 

ci.cutnferen.iaUy disposed U,«con mul , l<hanne , deckal 

connected .« an deCric pulse appl^g ™™ ™ 

connection 131. as shown in F.gnte 2A on ce the 

The expandable ca.he.e, decodes may 

end**, Ms been ,mp.an,ed in *e h.ood ^ . 

P— , " f • . ;^ lbe 8 S e l r-«p a nd, B decode 

the distal end 30. of the tod 30t_ Th« «P» ^ ^ of thc 

means 200 .ha. were d.sposed agams, .hcrod 30 oan be fixed K3 the tip 

301 and to thc Astal end 1 10 of ^ fofCC ^ 

e.ecode means 200 to ^ ^ \o U>c dista. end 110 of ll»e shaft 100. 
w he, .he tod 300 . exunded « U»ve « 2M „ facililal£ 

„ thereby .educing .he dramder of .he rod3 

eathe.e, decode inserts »«o. « ' and „ pansion 

Al ,ema.ive means of deployment of .he ^ ^ Um5 , ed W . 

hereof «e by I 3.0 so Ota, a 

cx,cnd,ag *e .od 300 from .he shaft 100 a* 1 - expand outwards. 

J0 helical decode means 208. such as shown n F gur 3D J ^ 

,„ yc. ano,her embod.men. of .he ca.h 

„ a shape memory .mplan.ed ™ . ptc-sdectcd and implamcd 

decode 201. The expanded shape of *e '^^^ ^ ,o d»se 

of skill in .he art. The shape of Ore . JE> ^uate 

decode includes, cu, is no. »** - ^ ^ Uk 

ribs, a hdix or any odrer shape .ha, «d ^ ^ ^ „ aoy oU«r 
cheer decode ^^^J^ spontaneously 
30 ana.om.cal snnenne. The decode rocan elec.^de A shape 

sb aft 1 00 of .he ca.he.et dev.ee . rdxac ed ^ ^ ^ ^ 

^ d "^trh^rr ro eans 20! as shaft reaction 
100 by preserving the tengui « 

occurs. strode expansion means of the 

fii)0>lheU r SaUco* ^ ^ r^ba,.! having e,cc,ca,.y 
presen. invention is con.empla.ed .o be an 
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^-^^.^X^-^ lhe baltoon w be oHcnua 
meW ' t rTal-c. device in any f«W- *. include 
,cl»,ive to the long ax.s of the ca.bcte ^ ^ 

circumferential, heltca! or arcuate nb^or * y ^ 
pt0 Le elcctnca, contact *«w«n the be £kctrically 

of . .ooa „ -°;;trr — - - » 

0 isolated from each olber. As wit* ^ cathcter 

— *• — arc — ; — ^ ^ amy , Wlth the 
Wirc electrodes may be used of the wires .gainst the 

„ pan d.b.e balloon pressure ekconc,^ « » ^ ^ ^ ^ 
imerior wall of a blood vessel. Areas of the wtrcs 

, , .i* me tissue walls ^^^< -» ~ « 

The expandable balloon is co h> polymer 

kno .n to one of sail * *. a. such as, bn, - ^ ^JlT ^ 
or ro onome, ,ha, is accep.abie ^^^^^ "-ced * 
bil .ooo 4.0 may be comprised . «^ ^ can 

20 . means of applymg » "^TonTembodtment, ,e balloon 400 
function as an expandable elccuooe. m a 

composes a ,* — * Ta ,oou having multip.e 

ft** to. an ovotd or sphertca, ^ ^ ^ £^ ? ^ CTe by 
J0 tube. The balloon may cocitcle, m whole or » , £ ~ of shapcs 

forming a collar. A col.ar balloon ma, e «.^d nom ^ ^ _ 
including, but no. limited to. an oval, a cyhnder, or any 

of ordinary skill in the art. diameter when expanded 

Thc balloon may be of any length wA *>«»« w ,„ of an 

3 , , ha , w .„ es,ab„sh contact between the balloon - *^ „ 400 
ana ,omica. structure. Preferably, the d menstons of the cxpan 
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will be such ,ha, the balloon 400 can™. cause physica. trauma .o said suture 

preferably between about 2 cm and 8 cm. The preic c 

C-dcd baHoon ,s between about I cm and 8 en, most prefer*., between 

2 00 ""^venous summation of the vagos nerve w,,h an e.ectrode 
^ouu.cd on a balloon, a deUverv catheter may be used *„, is 
fenes.ra.ed proximal* and distal* .0 .be baHoon. thereby avo.dmg to.,, 
tlcbon of Wood now. Tbe baHoon expans.on means of*, present .nvenuon 
. offers the additional advantage that the balloon may have . preselected shape 
incorporating a, .cast one. or a p.ura,ity of. grooves, notches. -ers-g mb« or 
tunnels, o, any other form. Such indentions or uavcrs.ng means of 
communication aHow unobstructed blood flow while still mamtam.ng coou . 
between the expandable electrode and .be intenor waH of the blood vessdL 
s Preferably the ridges number between 1 and 20. more preferably 1 and 12. and 
L p Jerably between 2 and 6 in number. When the balloon .ncorpora.es 
ridges, and the accompanying indentions, .he electrode or p.urah.y of 
electrodes are disposed on said ndges. Wh,le .be p.esen, invention contemplates 
from 1 to about 10 electrodes on , ridge, the preferred number .S from I .0 5 
«, Tbe means to inflate , baHoon may be witbin a catheter or rube or deposed on 
the exterior surface of said catheter o, tube, and connected to a means to 
mtroduce a gas or l.qu.d to inflate the balloon once me surgeon has placed .he 
balloon electrode adjacent to a target nerve 

ln one embodiment of tbe present invention, shown m F.gurc 4A, 
» the catheter e.ectrode device, the device comprises a, leas, one expandable 
electrode 20, longitudmal.y dtspersed on an expandable balloon W a, the d.s£ 
end of the catheter shaft 100. In aoothe, embodiment, shown ,n F.gure4B. the 
electrodes 206 are crcumfereotial and are electrically connected to eleetnc pulse 
applying means 207. In ye, anodter embodimen,. shown in F.gwc AC .be 
„ JLode 208 is hebcaHy arranged coaxia.ly to tbe inflatable balloon 40 and be 
electrode is electrically connected to a means of supplying an efcctnc pulse 207. 

,„ a preferred embodiment of tbe present invention as shown tn 
Figure 4D and in cross-section Figure 4E, the balloon 400 includes a, least one 
raised rib 401. with an expandable electtode 201 exposed thereon, and wherem 
,s the expanded balloon ,s non-obstruct.ve ,o me blood flow The presen. mventmn 
con.emp.ates ma. .be inflate baHoon may have . plurality of ra.sed nbs wth 
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-a mav be but not limited lo, 
electrode means thereon, and that the raised nbs may be. t>u 

longitudinal, circumferential, „, helical anangemems. . { 
|„ yet another embodiment of the ca.hete. balloon electrode 

. . j in i i« a flexible wire mesh, or a metal 

device, .he expandable electrode means 201 ts a flex, 

, foil that partially, substantially or completely covers the surface of 
400. TIT presem inventmn fcrther contemplates - J-J 

means 20. may be any other fiexible conducive ma.cr.a. that 
electric pulse or field tobe applied" • nerve . ^ 
In a preferred embodiment of the catrteicr u » 

fcnm t tft about 50 in number, most 

° ;rr,n ro :^ °z . ,»-* - 

Itny 'l.a <! from each otbe, m ,e preferred embodiment, the 
tZZZ clecnodes 20, are .nd.vKh.ally connected to a means of applymg an 
electrical pulse that is connected to a multichannel plug connect. 
n in embodiments of the catheter dev.ee. h.vin g an .nOauble 

b a..oon. show, io Figure 4F. the electrode 20. or plurality * 
Lched » me balloon so that when me balloon is .nflaxed. the eUcn^des have a 
arrangement. ,„ a hmhe, embodiment, the elecoodes 201 are no. 
ZT» me inflatable balloon .00 bu, held 
2o means of a. leas, one connecting, non-elecmcally conduC.vc yoke 40 

' 0,he rSw — - present invent provdes . 

— — ■ — :,ri b J^^* 

„7L. elecnicaUy connected to a means of delivering an e.e«nc £££ 
me electrode 400 and where.n sa.d means 605 comnr.ses w„es. The elecuodes 
the electrooe »vu, ~ .. . ^ 60J e f said spokes 

600 may be but no. necessarily, d.sposed at the d.s.al enos o 
600 may oe, to t i, c cr,caliy conductive or non- 

601. The spokes 60. are composed of »y cUctnca ^ 

30 conductive materia, known to one of in the « The *o jn 
- -t limited .o. wires, surps or any other su.tab.e ft~ 
rh. « rt When electrically conductive, the spoke 601 comprises u. 
I Ceeuic pulle 60S and is coated with ^ 

3S The expandable Cecuodes 6.0 £££ ^ te 

contact the electrically exposed electrodes 600 ot me um 
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, «i.,n 100 with » umen 150 and 

,„ Figure SA. has » 100 W1 300 has a di£ta l end 301 with one. or 

and .„ umbrella electrode mean,. Sa.d red 300 ^ spokcs m 

connected to the .Mr of *PJ-*J ^ ^ ^ plvota „ y 

h » - P t:;;: y d - » - 

0 , spok e, 00,. I** w-re, 6. a« — 7 ^ so that « 

- rod 300 and .o "^J^J^. sheath, b, one embodiment. 
20 ove.lays the wtres or stnps to r°™»P™ ^electric H* 60S 

link i„ g wire, 604 can compr.se ft, «« «* „ ^ tod }0 o. The 

By renting the ' taBMta , axis of .he 

ra dial,y disposed spoWes 60. are ^'-^^ J * . mc bed «o the 
,od 300. ^ircs 605 auached .0 the electro^ «00 m ^ ^ ^ ^ 

J5 s .ide.ble coltar 603 and used to rettac, or ex.end the co 

300 , nB rod 300 in.o the lumen ISO of Ae shaft 100, .he 

^ s"al — -he spoKes 60, so - *e catheter o»y 
sbaft becomes, pro.ccu»c she ^ structure w,.hou. the 

be implanted in a blood vessel <» a,™,!! of said structure. 

30 electrodes 600 penetrating or otbcrw.se mjurm *e „ fc vagus 

When the sur g eon has «np.^ £ «*-^ » ^ 

„e,ve. the tod 300 is extended to remove shealh , and the 

.cn «f tlv shaft 100 comprising the prwecu t 
from the lumen 150 of the shatt iuu y ^ W1 

slitoble eolUr « -^jrli.-— — 
as extend away from the rod Jiw. 
" "Juf the blood vesse, or other anatomical structure. 
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ner ve can be .chteved by di.ee, accc« .o * JJJ-J m v>gus 

iocision or via thoracoscopy, thoracotomy or rtuoug of tbc 

oerve can be approached ...era, .0 ^^J*^ This can be 
rigbl innominate artery .0 avoid -he ngh. ™cun«« «y«g aemolomy „. 

accompi^ed thor.coscopicany withou, «he nccesstty 

0 neck incision, electrode means, shown in 

The present invention prov.des chp «*« ^vc. 

Fi gurcs 6A-6C. for driect.y contact.ng an ^ ^ ^ by . 

JU. . - ^-^1— 701 .0 form 
pivot means 701 to a second ekc.nc.Hy elt ctnc»»y connected 

15 confronting yaws. In one ^ e|ecttodc 70 3. is ...ached .0 

,0 . means for app.ying an elec.nc pulse 704 ^ confronung j.w 

lhe firs, Ccctrically non^onducuve member 7 0 ^ opposing 

rc ,on thereof. ^<^ n Z2L~^™»*™ 
electrodes are disposed 00 the electncatiy non 

20 within .he confronting jaw region. a nerve by the 

The present .nventton reduce, crush ^ ore 

■w^ r-iM-tticatW conductive material mat 
eiectrodes being compress.b.c c.ec,r,c,Hy rf ^ ^ 

nerve tissue, as shown .n figure 6A. In yet „ 70s. 

e,ecaode. a. .east one yOsTbned with an Cecmode. 

2S shD wn in figures 6B and 6C. where.r. *e g~o« ^ ckctrod e 

I, d embodtments of the present a „d 6C . a 

but is no, .im,ed to. a concave .he nerve tissue, a 

compress.b.c e.ectrica..y conduce m»en« * ^ „ fom) 

wire, a strip, n wire mesh or w.re wool, or any othe ^ ^ erobodim en.. 
J0 wiU not induce ^ 7 00 and 70 

opposing grooves are .n each non ^ ,„ ,„ 

embodiments, the preferred means for cw)ncclor 70 6. 

e l ec. ro deT03isawiree.ec»ica«,-n^ o^arnul. ^ ^ ^ ^ 

In yet another embod,men. thechpe 6D . 
35 cectrodes 703. e.ec.ricaUy isoU.ed ^ „ . ^ 

Each electrode 703 can be .ndependemty electnc 
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. . Thus the electric poise may be delivered 
of supplying an elec-nc H«- « £lcclnc a..y 

, TK, „e~nl invention further provides a cofl device. 
Neural Cuff EUarode. The presert > n ™ tlccm)de ,„ , nerve, 

snowo in Bgures 7A and 7B. for .he mrec. a^uo. of » ^ ^ ^ 

ln one en.hodi.en, the ^—-^a^hown in H^.7A. fc 
eapahle of conforming to Ore surface .he ^ ^ M 

.Cher embodiment, the cuff dev.ce. , e^n c^ ^ ^ ^ 

partially or completely envelop a nerve. "J"* c ^ ' lneilh er 

! .cans 80* .o --'^r^:^ is Cecily 
embodiment. *e surface of the elecrooe necessarily. 

5 electrically insulated to avo.d electrical 

stwcuies. , ,k. ,„ff device as shown in Figures 7B 

l„ another cmbodnnen. of the cuff dev.ee. 

• u .« ,lf«rieallv nonconducove member »«J na s 
and 7C me cuff dev.ee has an efcc.ne.1 y of applying an 

,„versing channe. 804 and a, leas, °«^^ o „ ,„« roos , pre (erred 

» electric pulse 80Z msa, ^ « .tL~ — 

e m hodimen.. U *e,ee 0 ode SOSisa-e ^ ^meni. 

lhe electrode 805 is a -J"^ ^ hM . firs, eteclrode 806 and a 

"* » " 807 The^n the electrodes are electricady .solated from each 

J5 rrrr b "e;.r is ^ — - ■ — — ° f 

applying an electric pulse 802 

n— » ^ *eWe. The present .oven- ££££ ^ 

support ed by a ^ ^ ^^ ^1 of the s*n so that me 
,0 The pad can be adhesive and be apphed 

conductivity between the elcctroaes aou ^ electrode array 

can be placed on or around the neck t ' Vclcf0 sUap 

3 , pl aeed around me neck, me non-conductive support may 
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„ r , ,h, nad 10 the patient. The pad can be 
ot any other fastening dev.ee to secure .he pad to 

sHaped to accommodate* region ^ ustd lo pro vide . 

The cranscuuneoos e.eetrode a^M lient 

bipolar electrode, where.n a — 1 is appIi ed to an 

idj acen, to the nerve to be st— J- « ^ cathete, 
indi vidua> elecrode of the array ot ^ „ applitd ,„ ,he 

e.ec.rode is grounded. «"™™^ ^ a J y eletiro des is grounded. 
imp Unted catheter e.cc*odc. and one or ^ by the preS en. 

The transcutaneous electrode .nay projde^ ^ ^ 

, invention may also be used ,o app.y a elccIrod<s of lbe anay. 

, hc anode and cathode etecnodes '" "^J™'^ ^ ^.ury unit 
Connection to the vagus nerve ^"^Z elec.rodes to achieve 
, he ,ein to setectiveiy detcrmme .he op.mmm £«o ^ ^ 

m „i m um s.im„.a,,on of the urge, nerve ^ pm'~ J ^ ^ „ 

, s presem mention also provides an electee ^ ^ _ ^ ^ 
Figures for delivering an ™ ^^^^e support 900 
e.ec.rode array device compnses an elecutc^y 0 ^electrically 
^.plurality of e.ecbodes ,0, ^»^^ed to a means of 
M from each ome, ach 90* « - - *« 

20 supplying an clectnc pulse where ends to a mult- 

cbanoel connector 90J. The deem y , £yUnder> , od ,nav be 

is not limned to, a sheet, a pad. » btoek brojd s,rip. circular 

any geomemc form such as, but no. only, a square, oblo 

25 or ovoid disc, chown in Figure 8 A, the 

,„ one preferred embod.ment. as sho 

o«A i< a sheet and the array o« 
electrically non-conduC.ve support W0 ,s a sh con „ecUd .o a 

„e exposed on one face of said sheeu is a wire and 

m eans of supprying an electric pulse 901, *~ £ ™ ^ ^ ^ ^ 

30 ure plural* of wires arc elcctrtca.ly of wt dcctrodc array 

ebannel connector ,03. .n anome, preferred embody ^ ^ 

device of .be presen, mvenUOO. me meat* of app.yj ^ 

f «. on ic a sheet with a traversing hole *v 

shown » F.gure gB_ ,s a s 90S connects .be 

embodiment as ,n F.gure gL. m tlecui cally noo-conduove 

„ .raversing hole 904 to ,he ou.er edge 90 of the ^ ^ ^ _ ^ „ 

support 900. This connecting means may be. bm « 
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. channe,. The communica,,o„ means 90S an, traversing no.c 904 are intended 

....l.-^P'-^ 0 ^'^ 0 "^^ in F.gure 8D. *e 
In another preferred embodiment, as shown in b 

- - or « ^^^-^ 900 

cmbod.mcnt. as sbown ,n F.gure 8E, to lectnca y ^ OD 

« in a turt.cnecM.Ke configurated the aoay of «l an 
on e face thereof. Each Cecuo* 9<„ « » • • - ^ ^ ^ 

e,ectric pu.se 902. wherem sard n*ans™«» 903. 
, electrically connected at then proi-mal ends to a mult. 

ln each of the embodiments shown .n F.gs 8A 8E. the 

may ta , a va,,„ of shapes, J- - = « « £ 

,o, Velcro. straps or buckles, bat ™» id£S ^ an 

5 SWU red to a human o, .ruroal. shown in Figs «A- 

inttatable collar can be posn.oned on each of the ern 0I 
SE , tba , will allow *e non-cooducuve support to be secure* 

— 1 ,n a,, embodiments of the 

J0 anUcipa te d*.^w i d*orU K »on^-^^J „ 
a bou, 1.5 cm and about .0 cm. preferably between ^ 
, s , oll c,p..ed that the .ength of .he non-conduct. ve su^ W w* ^ 

-rv.- ^Uotrrwle array device of the prescm 
electrode. The elcctrooe anay , • u v conductive 

adhesive layer to increase the efficiency of clectnca. conta 
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, The present invention 
Wrack** and f'^lbrella and aeeral* devices 

8S described above, coo-— -,h endouacb w €Soph , E e». -be 

dunng genera, ancsthes^ £^ ^ baskel « 

s «d for 6 as,rie decompress-on- _ Wh U „ „ asoglslr K 
umbre m elecuode devces used . con, coocepls „ d designs 

.ubes are adap-ed f<" " se in ,hC ""^ ' 8 

par..* to. and is in.im*el, -c-^ * J h0 « ve , also lie in 

the vein in the nec* of humans. The tr~heaa ^ „ 

Cose pn.xinn., » « v»g~ T£^i elecUod „ useful for 
WeaUysuUedfordK^ofca*^^ ^ ^ ^ 1S no 

IS the vagus nerve. By aecess.ng the rachc calheIer or direc. 

.element fo, a nee. inc,s,on to .nse" " ^ be 

sur6 ica, isoU.ionof.be vagus nerve Trac^lo P ^ ^ ^ 

electrostimulation, bcvcrai m 
20 a „emat.ve and .ess .nvasive rou.es. endounchea. or 

Thc present invent,oo further prov ^ 
• -„. r< . ^ shown tn rigore r 
agastric .ube electrode dev^as s^ ^ ^ Jfl0J whKh 

endotracheal or nasogas.nc , ^ „, in „ at e .002 sa.d 

may be. bu. is no, .ironed .o. a ^ 100J „ wd coUa, .00.- 

„ coHar ,001. a. .ens. one expandable e^ode rn , 091 is in n a ted 

The elec.rode means ^ ' S ^ °^ "imenor Hning of 0,e oachea. The 

electrode means 1003 « c,cc ' 100 S 
e.ec.ric pulse .004 and a moLKnanne. connecm ^ ^ constroc d as 

The eleeuode c*pans.on means 00 ^ ^ ^ , 

being only an inflatable collar. Tnepre^o ^ ^.^ . 

baUoon. umbrella, barrel or basKe, electrod . Th P ^ ^ umbrella 
CB ,e.er umbrella electrode ~ -j^^ phOT „,y of.' expandable 

elocoode means composes a. least one, an P ^ {lectnca || y 

„ _ - - — - — s, . „ — . 

connected to a means of supplying ^ 
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^ the e.ecUode, .007 a. disced 3, the ^£££Z 
l0 0B, and wherern said means .00, -P"^« vt ^, ^ spoke s 
composed of - electncally conduce or ~ known , 0 one 

,008 M c. bu, no. ..mired to. wires, anps or any ^ ^ wilh 

blood vessel or other ana.om.c.l fearer nasog astnc ^ ua.brella 

One embodiment of the endotracheal or nasogas 
' • ! in Future 9B has an endotracheal or nasogastrtc tube 

electrode dev.ee, shown tn F.gur W. * .hereto. The 

,000. and a p.u,.l..y of rad.al.y d.spo»ble spokes, 
spoke, 1008 a,e able to n»ve radially away from the rrg.d 

contact Use interior wall ^ m the endotracheal or 

A slidcaWc collar 1011. coaxiaiiywF" 
5 £ is connected to the plurality of radially deposed spokes 

nasogastric tube 1000 .s connecteo f me ans comprises a 

,008 by a plurality of connect.ng means. T* co»«« g s ke 

, inll ing wire 1012 pivotally joined to rhe sl.deame col.a, 
,008. one linking wire 1012 attached toeach spoke 1008 . ^ ^ 

Rv retraction tbe slideable collar 101 1 relative to uk 6 
eodorracbeal or nasogasmc tube 1000 .n the pa «. 1009 
,008 are positioned parallel ,o the long.ru d^ aarsof * ~bc» |g|| 
atU ched to the electrodes .007 may also be atacbed to the si 

.-~t ilv collar 101 1 relaovc to the tube luuu. 
and used to retract or extend tbe collar HI endottachwl c , nasogastric 

When the surgeon has tnserted the fa 
<ub e ,0.0 m ,e trachea adjacent to the vagus nerv. _ fc 

positioned relative to the tube .000 so mat the spokes A ^ 
«be .000. and tbe electrodes 1007 make c.ccmcal contact w.th 

— loag—y 

30 cent. ,ong„d,a, of Ore -^3^ ^000 
miy be circumferential* arranged m .coax.a. relauonsbP ^ ^ 

Tire electrodes may be spirally arranged around th mna >» w 
The instable collar may be inflated by me mllanon mens 100 
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the present invention also provides an endotracheal or nasogastric 
tube 1000, as shown in Figure 9C This embodiment provides for expandable or 
rigid electrodes which arc substantially embedded within the tube material to 
avoid living tissue irritation. The electrode means compnses at least one, and 
preferably a plurality of, electrodes 1003. each electrode 1003 electrically 
connected to a means of supplying an electric pulse 1009 to the electrodes 1003, 
wherein the electrodes 1003 arc exposed to the exterior surface of the tube 1000 
adjacent the distal end of said tube 1000. and wherein said means 1009 comprises 
wires. The electrode means arc electrically independent of each other. 
> A preferred embodiment of the expandable electrode means and 

the electrode expanding means wherein the electrode means is a basket catheter 
electrode with at least one expandable rib. In a preferred embodiment, the 
expandable rib or plurality of sucb ribs are electrically conductive wires. Thin 
wires are preferred with a thickness of between about 1/128 inch and 1/8 inch, 
5 most preferably between about 1/64 and 1/16 inch. In another preferred 
embodiment, the expandable ribs are electrically conductive strips from about 
1/128 inch to about 1/4 inch wide, most preferably from about 1/64 inch to about 
1/4 inch. In yet another preferred embodiment the expandable ribs are 
electrically non-conductive strips with electrodes dispersed thereon. In a most 
20 preferred embodiment, the electrically conducri ve wire or strip is comprised of a 
proximal region, a central region and a distal region, wherein the proximal region 
and the central region form a first angle and the central region and the distal 
region form a second angle Preferably the first and second angles are between 
about 1" and about 180° Most preferably, the fust and second angles are 
25 between about 90° and about \ 20°. 

Preferably, the ribs are between 1 and about 48 in number, more 
preferably between 2 and about 12 in number In a preferred embodiment, the 
length of the expanded electrode is between about I and about 15 cm. More 
preferably, the length is between about 2 and about 6 cm. The diameter nf the 
30 catheter before expansion is the diameter of the catheter shaft and is 0.5 mm to 
about 3 mm, most preferably 1 mm. 

In one embodiment of the present invention, the central rcgioo is 
electrically exposed, and the proximal region and distal region are electrically 
insulated. In this embodiment, the length of electrically exposed central region is 
35 between 0.1 cm and about 10 cm. most preferably between 0.5 and about 5 cm. 
The means of applying an electrical pulse arc preferably, but not limited to, wires 
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electrically connected to the expandable ribs. The wires are electrically 
independent of one another, and pass through the shaft. The wires and are 
electrically connected to a muhi -chancel electrical connection. 

5 Method of inducing asystole by vagal electro-stimulation and CIA 
pharmaceutical composition treatment 

The present invention provides a method for the induction of 
cardiac asystole by the application of an elcctnc pulse or field to the vagus nerve. 
The CIA pharmaceutical composition provides a background pharmaceutical 

10 slate wherein the impact of vagal nerve stimulation is potentiated and heart will 
not spontaneously escape from the electrically induced asystole. Throughout 
subsequent cardiac surgery, the surgeon monitors the heart function and can 
selectively reinitiate the heart beat by means of a cardiac pacer device, slaved to 
the vagal nerve stimulator. This can also be performed automatically if the heart 

15 beat fails to resume within a preset time period. 

The present invention, therefore, provides a method of inducing 
and prolonging asystole by implanting a catheter or tube expanding electrode into 
a blood vessel, trachea, or esophagus of a human or animal or by applying a 
cutaneous electrode. The electrodes are positioned adjacent to the vagus nerve 

20 by the surgeon, and said electrodes arc connected to the vagus nerve stimulator 
by means of multi-channel connectors and an output. At least one output from 
the stimulator is used, preferably two outputs, each connected to a separate 

electrode device. 

The surgeon adjusts the vagal nerve stimulator to deliver a first 

25 unipolar or multipolar electric pulse to an implanted cutaneous electrode and the 
output of the heart is monitored by the microprocessor. Random selection of 
electrodes is then followed by additional pulses until a maximum state of asystole 
is achieved. The CIA pharmaceutic composition that comprises an 
acetylcholinesterase inhibitor, a p^adrenogenic receptor blocker and a calcium 

30 channel blocker, is administered before oi after the initial testing. An electric 
pulse of optimum amplitude and frequency is applied to the previously selected 
electrode combination and controlled intermittent asystole, with minimal or no 
escape, results. Once the surgical procedure is completed, or predetermined 
point selected by the surgeon or preselected automatically by the vagus nerve 

35 stimulator, the heart is removed from asystole by a cardiac paccT means operated 

by the surgeon or by the vagus nerve stimulator. 

30 
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The above description provides certain preferred embodiments of 
the devices and methods of the present invention. However, it is understood thai 
many modifications and additional embodiments can be routinely made ,« v.ew 
of the disclosure, and all such embodiments are intended to be encompassed 
within the spirit of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1. A catheter device for delivering an electric pulse to a nerve, comprising a distal 
region and a proximal region, said distal region having a plurality of electrically 
independent expandable electrodes and an electrode expanding means, said proximal 

5 region having an electrical connecting means for applying an electric pulse to the 
expandable electrodes. 

2. The catheter device of claim 1, wherein the expandable electrodes arc 
longitudinally arranged. 

3. The catheter device of claim I. wherein the expandable electrodes are 
10 circumferentially arranged. 

4. The catheter device of claim 1, wherein the expandable electrodes are spirally 

arranged. 

5. The catheter device of any one of claims 1 to 4, having from 2-24 electrodes. 

6. The catheter device of any one of the preceding claims, wherein each 
15 expandable electrode is an electrode selected from the group consisting of a wire, a 

basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

7. The catheter device of any one of the preceding claims, wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 

20 and wherein when each electrode is expanded the proximal region and the central 
region form a first angle between about 1° and 180*. and the central region and the 
distal region form a second angle of between about 1° and 180°. 

8. The catheter of claim 7, wherein the first and second angles are between 90° and 
180°. 

25 9. The catheter device of claim 7 or 8, wherein each expandable electrode, when 
expanded, has a total length of between 1 .0 and 15 cm. 

10. The catheter device of claim 7, 8 or 9, wherein the central region is between 
about 0. 1 and 1 0 cm. 

11. The catheter device of any one of the preceding claims, wherein the catheter has 
30 a lumen, and the electrode expanding means comprises a rod disposed within said 

lumen, and wherein the rod has a distal end connected to the expandable electrodes so 
ihat the catheter forms a sheath over the expandable electrodes and the rod. 

12. The catheter device of any one of claims 1 to 10, wherein the electrode 
expanding means comprises an inflatable balloon. 

35 13. The catheter device of any one of claims I to 10, wherein the electrode 
expanding means comprises a metallic shape memory means. 



J2 



-35- 



14. The catheter device of any one of claims I to 6\ wherein each expandable 
electrode, when expanded is at least one arcuate electrode. 

15. The catheter device of any one of the preceding claims, wherein the proximal 
end of the catheter has a handle and a hub, wherein the hub is connected to the means 

5 of applying an electric pulse to the expandable electrodes. 

16. The catheter device of claim 12, wherein the balloon has at least one ridge 
thereon to allow the passage of fluid therearound, and wherein at least one expandable 
electrode is attached to said ridge. 

1 7. An endotracheal tube electrode device comprising an endotracheal tube having 
10 an inflatable means of expanding an electrode, and a plurality of electrically 

independent electrodes thereon so that each electrode contacts the tracheal wall when 
the means of expanding an electrode is inflated, and wherein the electrodes have means 
for connection to an electrical pulsing means. 

18. The endotracheal tube electrode of claim 17, wherein the inflatable means of 
1 5 expanding an electrode is a collar or balloon, 

1 9. The endotracheal rube electrode of claim 1 8, wherein the balloon has a ridge and 
an electrode on said ridge so that the electrode contacts the tracheal wall when the 
collar is inflated. 

20. An endotracheal tube electrode device comprising an endotracheal tube having a 
20 plurality of electrically independent electrodes thereon, so that each electrode contacts 

the tracheal wall when expanded, and wherein the electrodes have means for 
connection to an electrical pulsing means. 

21. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are longitudinally arranged. 

25 22. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are circumferemially arranged. 

23. The endotracheal tube electrode of claim 20, wherein the expandable electrodes 
are spirally arranged. 

24. The endotracheal tube electrode of any one of claims 20 to 23, having from 2 to 
30 1 2 electrodes. 

25. The endotracheal tube electrode of any one of claims 20 to 25, wherein each 
expandable electrode is an electrode selected from the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

35 26. The endotracheal rube electrode of any one of claims 20 to 25. wherein each 
expandable electrode comprises a proximal region, a central region and a distal region, 



33 



-36- 



and wherein when each electrode is expanded the proximal region and the centra! 
region form a first angle between about 1° and 180°, and the central region and the 
distal region form a second angle of between about 1° and 1 80°. 

27. The endotracheal tube electrode of claim 26, wherein the first and second angels 
5 are between about 90° and 1 80°. 

28. A nasogastric tube eJectrode comprising a nasogastric tube having an inflatable 
means of expanding a plurality of electrically independent expandable electrodes 
attached to an inflatable collar so that when the collar is inflated, the electrodes contact 
an inner surface of an esophagus, and a means of supplying an electric pulse to the 

1 0 electrodes. 

29. The nasogastric tube of claim 41, wherein the inflatable means of expanding the 
electrodes is a collar or balloon. 

30. The nasogastric tube electrode of claim 41, wherein the inflatable means has a 
ridge and an electrode on said ridge so that the electrode contacts the esophageal inner 

1 5 surface when the collar is inflated. 

31. An nasogastric tube electrode device comprising a nasogastric tube having a 
plurality of electrically independent expandable electrode thereon, so that each 
electrode contacts a pharyngeal, esophageal, or gastric inner surface when the 
electrodes are expanded, and wherein the electrodes have means for connection to an 

20 electrical pulsing means. 

32. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are longitudinally arranged. 

33. The nasogastric tube electrode of claim 31. wherein the expandable electrodes 
are circumferentially arranged. 

25 34. The nasogastric tube electrode of claim 31, wherein the expandable electrodes 
are spirally arranged. 

35. The nasogastric tube electrode of any one of claims 31 to 34, having from 2 to 
24 electrodes. 

36 The nasogastric tube electrode of any one of claims 31 to 35, wherein each 
30 expandable electrode is an electrode selected fro the group consisting of a wire, a 
basket, a strip, or a plurality of electrodes dispersed on an electrically non-conducting 
material. 

37. The nasogastric tube electrode of any one of claims 31 to 36, wherein each 
expandable electrode comprise a proximal region, a central region and a distal region, 
35 and wherein when each electrode is expanded the proximal region and the central 
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region form a first angle between about 1* and 180°, and the central region and the 
distal region form a second angle of between about 1° and 180°. 

38 The nasogastric tube electrode of claim 37, wherein the first and second angles 
are between about 90° and 1 80*. 

5 39. A catheter device substantially as any one embodiment herein described with 
reference to the accompanying Figures. 

40. An endotracheal robe electrode substantially as any one embodiment herein 
described with reference to the accompanying Figures. 

41. A nasogastric tube electrode substanrially as any one embodiment herein 
0 described with reference to the accompanying Figures. 



Dated this 1 0th day of November 2004 
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□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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